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': A two-stage study was conducted to compare the ability estimates
L - yielded by tailored testing procedures based on the one-parameter
. logistic (1PL) and three-parameter logistic (3PL) models. The first
i stage of the study employed real data, while the second stage employed
,‘i simulated data. In the first stage, response data for 3000 examinees
: were obtained for the 40 item ACT Assessment Mathematics Usage subtest.
~ The first 2000 cases were used to obtain item parameter estimates for
'y both models. Using these estimates, 1PL and 3PL tailored tests were
) simulated using the response data for the remaining 1000 cases. Both
g} tailored testing procedures employed maximum likelihood ability estimation
. and maximum information item selection procedures. The two sets of ability
‘.. estimates were then compared. In the second stage, response data for
- 3000 cases were simulated using the 3PL item parameter estimates from
. the first stage as true parameters. True abilities were selected from
the standard normal distribution. The first 2000 cases were used for
5 1PL and 3PL calibration of the items, and the remaining 1000 cases
ﬁ:i were used to simulate 1PL and 3PL tailored tests. The two sets of
ﬂé ability estimates were compared to each other and to the true ability
- parameters. Results of both stages of the study indicated that the
’?T 1PL and 3PL tailored tests yielded highly correlated ability estimates,
and there was no apparent advantage in terms of ability estimation to
N using one of the models over the other. Because the 1PL procedure was
'q less expensive to use, it was the recommended model for this application.
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An Evaluation of One- and Three-Parameter

¢ Logistic Tailored Testing Procedures

3‘ for use with Small Item Pools

L.r

*

B Tailored testing has shown considerable promise as an

alternative to conventional paper-and-pencil testing, but
before it can be implemented on a widescale basis, a number
of issues must be addressed. Tailored testing procedures
involve a number of complex components, and there are often
a number of- alternatives which may be chosen for each.
Although there has been considerable research conducted in
this area, it is still unclear which of the many alternative
components should be used in any particular application.

For instance, one important component of tailored testing is
the item response theory(IRT) model upon which the procedure
is to be based. There are numerous IRT models, several of
which have been .proposed for use in tailored testing. The
purpose of this study was to compare tailored testing
procedures based on two of the most popular IRT models, the
one-parameter lqgtistic (1PL) and three-parameter logistic
(3PL) models, to determine whether one of the two models is
preferable to the other in a tailored achievement testing
setting. The tailored testing procedures based on the 1PL
and 3PL models were compared on the basis of the ability

# estimates which were yielded by the procedures. Before
reporting the results of the study, it may be helpful to
review previous research comparing tailored testing
procedures based on these two models.
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Comparisons of 1PL and 3PL Tailored Testing Procedures

Several studies have been conducted to compare the use of
the 1PL and 3PL models for tailored testing. One such
study, reported by Koch and Reckase (1978), was a direct
comparison of 1PL and 3PL tailored testing procedures in an
application to vocabulary measurement. Both procedures
employed maximum likelihood ability estimation techniques,
and in both procedures items were selected to maximize the
information function at the current ability estimate. The
results of this study indicated that both models could be
successfully applied to vocabulary ability measurement. The
3PL procedure had a slightly higher reliability (a cross
between test-retest and equivalent forms reliabilities) than
the 1PL procedure (r = .77 for the 3PL procedure, r = .61
for the 1PL procedure). However, the 3PL procedure failed
to converge to ability estimates in nearly one third of the
cases, while nonconvergence was not a serious problem with
the 1PL procedure.
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In a second study, reported by Koch and Reckase (1979),
1PL and 3PL tailored testing procedures were applied to a
multidimensional achievement test. Results of this study
indicated very poor performance for both procedures,
primarily due to small sample sizes, poor linking
procedures, and poor selection of the stepsize and initial
ability estimates for the maximum likelihood estimation
procedure.

A study reported by McKinley and Reckase (1980) attempted
to correct the problems encountered in the Koch and Reckase
studies. Close attention was paid to appropriate item
parameter linking and selection of the operating
characteristics of the procedures. The results of this
study indicated that both models could be quite successfully
applied to tailored achievement testing if correctly
implemented. Both 1PL and 3PL reliabilities were higher
than the reliability of a classroom test over the same
material. The 3PL procedure yielded better fit to the data
than the 1PL procedure, and it also yielded higher test
information than the 1PL procedure. This study concluded
that for tailored achievement testing the 3PL model was the
model of choice. However, the test used in this study was
highly multidimensional. It is unclear how generalizable
the results are to less multidimensional achievement test.

Urry (1970, 1977) also concluded that the 3PL model was
the model of choice. Through a series of simulation studies
Urry found that tailored testing becomes less effective when
a model with an insufficient number of parameters is used.
He concluded that construct valdity decreases as a function
of the degree of degeneracy of the model, and the 1PL model
was particularly inappropriate for use with multiple-choice
items because it did not portray multiple-choice response
data with fidelity (Urry, 1977).

This review of previous research indicates that if
careful attention is paid to all components of the tailored
testing procedure, both 1PL and 3PL tailored testing can be
successful. The 3PL model tends to yield higher
reliabilities and test information than the 1PL procedure,
but is more prone to complications such as nonconvergence.
It is also indicated that the 3PL model yields better fit to
multidimensional data. Thus, the results of these studies
tend to favor the 3PL model. Of course, these results were
obtained using relatively large item pools. It is unclear
from these studies what results would be obtained using
smaller item pools. The purpose of this study was to
compare the 1PL and 3PL models in a tailored achievement
testing application for which a relatively small item pool

o
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is available.
Method
Models
The two models selected for this study were the one-

parameter logistic (1PL) and the three-parameter logistic
(3PL) models. The 1PL model is given by

exp( (eJ_bl)xl])

1+exp(9j-bi)

where Bj is the ability parameter for examinee j, bi is the
difficulty parameter for item i, xij is the observed score
(O or 1) on item i for examinee j, and P(xij) is the

probability of response X,

ij to item i by examinee j. The

3PL model is given by
exp(Dai(ej-bi))

j=1) = ci+(1-ci) ’
1+exp(Dai(ej-bi))

P(xi

where c4 is the pseudo-guessing parameter for item i, a, is
the discrimination parameter for item i, where Pi(ej) is the
probability of a correct response to item i by examinee j,
and the remaining terms are as previously defined.

Estimation Programs

For both the 1PL and the 3PL models parameters were
estimated using the LOGIST program (Wingersky, Barton, and
Lord, 1982). For the 1PL model the pseudo-guessing
parameter was held fixed at 0.0. The discrimination
parameter was held fixed at a value computed by the LOGIST
program. To check the 1PL estimates obtained from LOGIST,
they were compared to parameter estimates obtained for the
same data using the MAX program (Wright and Panchapakesan,
1969), which was designed for use with the 1PL model. Since
the results obtained from the two programs were almost
identical, LOGIST was used throughout the study. The LOGIST
program was used for both models in order to avoid problems
due to different parameter estimate scales. For both models
the scales were based on the ability estimate distributions.

Tailored Testing Procedures

Tailored testing procedures have three main components:
an item selection routine, an ability estimation technique,
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and a stopping rule. In this study both the 1PL and 3PL
RE Y, procedures selected items to maximize the value of the
ﬁ& information function (Birnbaum, 1968) at the most recent
s ability estimate. The information for each item at the
&*’ examinee's current ability estimate was computed, and the
hetn! item with the greatest information at that ability estimate
was administered, with the provision that the information
gy had to be greater than 0.226 for the 1PL procedure and 0.450
K3 for the 3PL procedure. These values were selected on the
}R basis of several trial runs. They were selected so as to
}ﬁ; yield approximately equal average test lengths for the two
*?: models. For both procedures 20 items was the maximum test

length allowed.

4t

1

Prior to testing initial estimates of ability were
assigned to set the starting points in the item pool. The
initial ability estimates for this.study were set to be
0.221 for the 1PL procedure and 0.420 for the 3PL procedure.
These values represent difficulty values near the medians of
the item pool difficulty parameter distributions. The first
item was then selected to maximize information at the
initial ability estimate. The response of the examinee to
that item was then simulated in the following manner. For
the first part of the study, response data came from a fixed
length, non-tailored test comprised of all the items in the
pool. These items had been administered in paper and pencil
form to all of the examinees used in this study. An
examinee's response to an item in the tailored tests was the
actual response of the examinee to the item on the paper and
pencil test. For the second part of the study, simulated
response data were generated for each examinee for each item
in the pool. These data were generated according to the 3PL
model using the 3PL item parameter estimates obtained for
the real response data and examinee abilities selected at
random from a standard normal distribution. These responses
were used regardless of whether a 1PL or 3PL based tailored
test were used.
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Once the response by an examinee to an item had been
obtained, a new estimate of ability was computed by adding a
fixed stepsize to the old ability estimate if the response
were correct, and by subtracting a fixed stepsize if the
response were incorrect. This fixed stepsize procedure was
used until a maximum likelihood ability estimate could be

g@ obtained (i.e., when both correct and incorrect responses
,:E were obtained). The stepsize used was 0.300 for both

0 procedures. Each new item was selected to maximize the
B information at the new ability estimate, with the

Ko restriction that no item could be used more than once.
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Two stopping rules were used for the tailored testing
o8, procedures. The tests were terminated when there were no
K items left in the item pool with information at the current
¢ ability estimate greater than the minimum specified above,
A\ or when 20 items had been administered.

Design
e
w{ This study employed a two-stage design--one involving the
) ; use of real data, and one involving simulated data. 1In the
Aoa first stage of the study, response data were obtained for a
) large sample on a relatively short paper and pencil test.

Part of the large sample was then used to calibrate the
A items on the test using both the 1PL and 3PL models. Using
A\Q the resulting item parameter estimates, 1PL and 3PL tailored
;«G tests were simulated for the examinees not included in the
128, calibration sample. The responses by the examinees to the
~ items in the tailored tests were the same responses they
made to the items when taking the paper and pencil test.

g In the second stage of the study, the item parameter
;sg estimates obtained from the 3PL calibration of the paper and
A pencil test were used as true parameters, along with the
W true abilities selected at random from the standard normal
distribution, to generate simulated response data to fit the

~ 3PL model. Data were generated for a large sample for all
o the items from the paper and pencil test. The procedure
'~ used for the real data part of the study was then repeated
*;j using these simulated data.

.J

’ Data
;3 For the real data part of the study, response data for

X1 the 40 item Mathematics Usage subtest of the ACT Assessment
) (The American College Testing Program, 1982) were obtained
ba 4 for 3000 cases from the October, 1982 administration of the
— ACT Assessment (Form 23B). For the second stage of the

X study, data were simulated for 40 items and 3000 cases. For
;:ﬁ both stages, then, rather small item pools were used.

<7
‘:; Analyses
33 The analyses performed in this study consisted primarily
.l of computing and comparing correlations. For both the real
M and the simulation data, the 1PL and 3PL tailored test
et ability estimates were compared by computing the correlation
Lgé between them. For the simulation data the two sets of
ﬁq ability estimates obtained from the tailored tests were also

compared to the true abilities used to generate the data.
Again, the comparisons were performed using correlations.
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Results

Real Data Analyses

Item Pool Calibration The first analysis performed on the
real data was the calibration of the items for use as a
tailored testing item pool. The calibration of the items,
which was based on response data for the first 2000
examinees, was performed three different ways. The first
two calibrations were performed for the 1PL model using the
LOGIST and MAX programs while the third was performed for
the 3PL model using LOGIST. The MAX and LOGIST 1PL item
difficulty parameter estimates had a correlation of 0.999,
as did the ability estimates obtained from the two programs.
This comparison was performed in order to determine whether
the LOGIST program could be used for both models throughout
the study. These findings indicated that it could, thus
simplifying the problem of placing the estimates from the
two models on the same scale.

The item parameter estimate distributions obtained for
the two models using LOGIST are shown in Figure 1. These
distributions are summarized by the statistics shown in
Table 1. As can be seen, most of the 3PL discrimination
parameter estimates were .60 or higher, so most of the jitems
were of fairly high quality. From the 3PL difficulty
parameter estimate distribution, however, it can be seen
that the items are appropriate only for a limited range of
ability, since most of the item difficulty estimates fall in
the range from -1.0 to 1.75. Most of guessing parameter
estimates are .3 or less, with only two items having
guessing parameter estimates greater than .3. From these
data it would appear that these items actually form a fairly
high quality item pool for tailored testing, except for the
limitation on the range of difficulty.

For the 1PL model, the LOGIST program assigned to all
items a discrimination value of 0.561. The pseudo-guessing
parameter was, of course, 0.0. The 1PL difficulty parameter
estimate distribution is somewhat different from the 3PL
difficulty distribution although the two sets of estimates
had a correlation of .88, with the biggest difference being
a shift downward of the bulk of the estimates for the 1PL
model. Most of the difficulty parameter estimates fall
within the same range as for the 3PL model, but there
appears to be a shift toward the negative end of that range.
Still, for that range the items form an item pool of fairly
high quality.
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Figure 1

The IPL and 3PL Item Parameter Estimate
Frequency Distributions for the Real Data
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Table 1
Descriptive Statistics of Item Parameter
Estimates for the Real Data

N

1PL 3PL
Statistic

b a b c
Mean 0.03 0.98 0.46 0.17
Median 0.22 0.90 0.41 0.16
S.D. 0.91 0.34 1.10 0.08
Skewness -0.24 0.40 -0.20 1.14
Kurtosis 0.19 ~0.04 0.99 1.19
Low Value -2.07 0.31 -2.12 0.08
High Value 2.04 1.81 3.15 0.41

Figure 2 shows the test informa+ion function for the item
pool based on the 1PL item parameter estimates, while Figure
3 shows the test information function based on the 3PL
estimates. As can be seen from Figure 3, the 3PL curve is
negatively skewed, and is centered around 1.0, thus yielding
more information for the positive end of the ability scale.
The 1PL curve, on the other hand, is not skewed, and is
centered around 0.2. It would appear from this, then, that
the 1PL item parameter estimates are appropriate for a wider
range for ability than the 3PL estimates are. Of course,
the ability scales are not exactly comparable because they
are based on different item parameters.

Ability Estimates For thos: examinees not inciuded in the
calibration sample, four different estimates of ability were
computed. For each examinee a 1PL and 3PL abilitv estimate
was obtained from simulated tailored test. 1In addition,
ability estimates for each examinee for both models were
obtained from LOGIST using the item parameter estimates and
the examinee responses from the 40 item paper and pencil
test. This made possible not only a comparison of the two
tailored testing procedures, but also a comparison of the
tailored testing procedures with the paper and pencil tests.

Table 2 summarizes the distributions of the ability
estimates obtained for both models from the tailored tests
and from the paper and pencil tests. Table 3 shows the
intercorrelation matrix for these four sets of ability
estimates. As can be seen from these data, the two sets of
tailored test ability estimates were similar, with a
correlation of 0.77. However, there were some differences
in the two distributions.
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{: The Test Information Function for the 1PL
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Item Parameter Estimates for the Real Data
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Figure 3

The Test Information Function for the 3PL
Item Parameter Estimates for the Real Data
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For instance, the skewness value of -0.97 for 3PL ability
o estimate distribution was significantly different from zero
W (with a sample size of 1000, the standard error for the Y
3 skewness coefficient is 0.08), while the 1PL ability
S estimate distribution was not significantly skewed. Also,
N the kurtosis value of 1.96 for the 3PL ability estimate 1
distribution was significant (standard error = 0.16), while
o the kurtosis value of the 1PL ability estimate distributicn
g was not significant.
XN Table 2
™ Descriptive Statistics of Ability Parameter
Estimates for the Real Data
148
; Tailored Tests Paper and Pencil Tests
W Statistic
h 1PL 3PL 1PL 3PL
RS Mean 0.15 0.01 0.21 0.11
-4 Median 0.14 0.23 0.16 0.25
Y S.D. 1.36 1.40 1.13 1.18
- Skewness 0.10 -0.97 0.74 -0.35
¢ Kurtosis 0.21 1.96 3.48 4.39
Low Value -3.65 -4.00 -2.92 -4.00
X High Value 6.22 6.42 4.00 4.00
j Mean Test Length 12.84 12.16 40.00 40.00
N S.D. of Test Length 4.51 4.73 0.00 0.00
) Note. For the LOGIST calibrations arbitrary minimums and
-, maximums of -4.00 and 4.00 were set on the ability
b estimates. The same limits were placed on the tailored
_z tests except in those cases where all items were answered
N correctly or all were answered incorrectly.
f: Table 3
& Intercorrelation Matrix for Ability Parameter
~; Estimates for the Real Data
\-’
2 A
- Rlility Tailored Tests Paper and Pencil Tests
Estimate 1PL 3PL 1PL 3PL )
Tailored 1PL 1.00 0.77 0.89 0.87
3PL 1.00 0.81 0.86
o Paper/Pencil 1PL 1.00 0.95
3] 3PL 1.00
2
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The 1PL and 3PL ability estimates from the paper and
pencil test had a correlation of 0.95. Both distributions
were leptokurtic (kurtosis = 3.48 for the 1PL estimates,
4.39 for the 3PL estimates), and the two distributions had
similar means and standard deviations. The only real
difference between these two distributions was that the 3PL
distribution was significantly negatively skewed (skewness =
-0.35), while the 1PL distribution was significantly
positively skewed (skewness = 0.74).

The two sets of tailored test ability estimates were
fairly similar to the paper and pencil test ability
estimates. The two sets of 1PL estimates had a correlation
of 0.89, and the two sets of 3PL estimates had a correlation
of 0.86. A comparison of these two correlations via
Fisher's r to z transformation yields a z = 2.20, p < .05,
indicating that the 1PL correlation was significantly higher
than the 3PL correlation. Interestingly, the 3PL tailored
test ability estimates had a correlation with the 3PL paper
and pencil test estimates which was not significantly
different from the correlation between the 1PL tailored test
ability estimates and the 3PL paper and pencil test ability
estimates (r = 0.86 for the 3PL estimates, 0.87 for the 1PL
estimates). The 1PL tailored test ability estimates did
have a significantly higher correlation with the 1PL paper
and pencil test estimates than did the 3PL tailored test
ability estimates (r = 0.89 versus r = 0.81).

Average Test Length The average test length for the 1PL
tailored tests was 12.8 items, while the average 3PL
tailored test was 12.2 items long. This difference is of
little or no practical importance, except as an indication
that the attempt to produce tests of equal length for the
two models was successful. Of some importance is the
finding that the 1PL tailored tests required approximately
one half of the CPU time required by the 3PL procedures. Of
course, if this difference had no signicant impact on
response time, then it also is of no practical significance.

Nonconvergence For the 1PL procedure there was no
nonconvergence. For the 3PL procedure, however, there was a
4.9% nonconvergence rate. Examinees for whom there was
nonconvergence were assigned an ability estimate of 4.0 or
-4.0. Of those cases where there was nonconvergence, 96%
were at the low end of ability. This is consistent with the
finding that the 3PL test information curve was negatively
skewed and shifted toward the positive end. Nonconvergence
here means that the tailored testing procedure was not able
to compute an ability estimate for an examinee. This could
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happen because the examinee answered all the items
correctly, or all the items incorrectly. It could also
happen if the examinee's ability estimate drifted out of the
range for which there were appropriate items before both an
incorrect and a correct response were obtained. In such a
case, the test would be terminated at 20 items, or when both
a correct and an incorrect answer were obtained.

Simulation Data Analyses

Item Pool Calibration The first step in the simulation
data stage of this study was the generation of data to fit
the 3PL model. The true item parameters used for these data
were the 3PL item parameter estimates obtained for the real
data used in the first part of the study. Data were
generated for 3000 cases, using true ability parameters
randomly selected from the standard normal distribution.
Once these data were generated, the items were calibrated
for both the 1PL and 3PL models using the first 2000 cases.
The distributions of the obtained item parameter estimates
are shown in Figure 4. These distributions are summarized
by the statistics shown in Table 4.

Table 4
Descriptive Statistics of Item Parameter
Estimates for the Simulation Data

1PL 3PL
Statistic

b a b C
Mean 0.00 1.04 0.41 0.17
Median 0.16 0.96 0.30 0.14
S.D. 0.90 0.34 1.12 0.08
Skewness -0.31 0.13 0.09 0.94
Kurtosis 0.38 0.11 1.86 1.10
Low Value -2.20 0.28 -2.27 0.06
High Value 2.00 1.77 3.77 0.40

With few exceptions, these distributions are very much
like the distributions of the item parameter estimates
obtained for the real data. The only real differences were
in the skewness of the 3PL model a-values, which went from
slightly positively skewed to not significantly skewed, and
the kurtosis of the b-values for the 3PL model, which had an
increased kurtosis for the simulation data.
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The 1PL and 3PL Item Parameter Estimate
Frequency Distributions for the Simulation Data
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One other important difference that was found was that for
the 1PL calibration the items were assigned in a-value of
0.60. Since this was higher than the value for the real
data (0.56), it was expected that the test information curve
for the 1PL model would be higher for the simulation data
than for the real data. It was unclear what effect this
would have on the simulated 1PL tailored tests, except that
it would probably increase the average test length.

Table 5 shows the intercorrelation matrix for the true
and estimated item parameters for the simulation data. As
can be seen, the 3PL estimates were quite similar to the
true parameters. The correlations of the true and estimated
3PL item parameters were 0.89 for the a-values, 0.99 for the
b-values, and 0.92 for the c-values. The correlation of the
1PL b-values with the true b-values was 0.88, and the
correlation of the 1PL and 3PL b-value estimates was 0.88.

Table §
Intecorrelation Matrix for the True and Estimated
Item Parameters for the Simulation Data

Item True 1PL Estimates 3PL Estimates
Parameter a b o] b a b C
True a 1.00 0.25 0.10 0.45 0.89 0.21 -0.09

b 1.00 0.40 0.88 0.27 0.99 0.29
c 1.00 0.11 0.19 0.34 0.92
1PL b 1.00 0.41 0.88 -0.04
3PL a 1.00 0.23 0.08
b 1.00 0.26
c 1.00

Figures 5 and 6 show the test information curves for the
1PL and 3PL item parameter estimates, respectively. As was
the case with the real data, the 3PL information curve is
shifted toward the positive end of the ability scale. It is
centered around .8. The 1PL curve, on the other hand, is
centered around 0.0. The 1PL pool once again appears to be
appropriate for a wider range of ability than the 3PL pool
is, especially at the lower end of the ability scale. As
was predicted from the item calibration results, the 1PL
test information curve was higher for the simulation data
than for the real data. An unexpected result was that the
3PL test information curve was also higher for the
simulation data than for the real data. This was probably
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a result of the fact that the simulation data were generated
to fit the 3PL model.

Ability Estimates Four sets of ability estimates were
once again computed for the 1000 examinees not included in '
the calibration sample. For each simulated examinee 1PL and 1
3PL ability estimates were obtained from the simulated
é tailored tests .~ well as from LOGIST runs on the simulated
40 item fixed lenith test us'ng the item parameter estimates
from the calibration of the simulation data. Thus, all the
comparisons made with the real data results could be made
with the simulation data results. Because these were
simulation data and the true ability parameters were known,
3 the ability estimates obtained for these data could also be
compared to the true abilities.

N
-'.f' e
T
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The statistics shown in Table 6 summarize the true

- ability parameter distribution, as well as all of the
ability estimate distributions obtained using the simulation

Y data. Table 7 shows the intercorrelation matrix for the

:d true and estimated abilities for the simulation data. The

ﬁ patterns appearing in these data are much like those found

% for the real data. For these data the correlations are all

higher than for the real data, however, with the exception
of the correlation between the 1PL and 3PL (simulated) paper
P>, and pencil test ability estimates, which was lower for the
; simulation data (0.928 versus 0.946 for the real data). The

ié 1PL tailored test ability estimates had a correlation of
~ 0.931 with the 1PL simulated paper and pencil test
Y estimates, which was significantly higher than the

‘correlation of 0.826 obtained between the 3PL tailored test
23 estimates and the 1PL paper and pencil test estimates ( z =
$ 10.954, p < .01). The 1PL and 3PL tailored test estimates
o had correlations of 0.920 and 0.854, respectively, with the
o 3PL paper and pencil test estimates. The difference between
N these two correlations is significant ( z = 7.113, p < .01),
= indicating that the 1PL correlation was significantly
greater than the 3PL correlation.

The inclusion of the true ability parameters in the
analyses of the simulation data resulted in a very
interesting finding. While the 1PL and 3PL paper and pencil 4
test estimates had correlations with the true parameters ’
that were not significantly different (0.894 for the 3PL
estimates, 0.900 for the 1PL estimates), the correlation of
the 1PL tailored test ability estimates with the true *
abilities was significantly higher than the correlation of
the 3PL tailored tests ability estimates with the true
abilities (r = .883 for the 1PL estimates, 0.816 for the 3PL
estimates; z = 5.452, p < .01). This was rather surprising
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since the simulation data were generated to fit the 3PL

.d model. Just as surprising was the finding that the 1PL

o) tailored test ability estimates had a correlation with the

*i true abilities that was not significantly less than the

o correlations between the true abilities and the paper and

X pencil test estimates, despite the fact that the maximum

length of the tailored tests was only half the length of the
paper and pencil tests.
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Table 6
Descriptive Statistics of True and Estimated Abilities
for the Simulation Data

A
il
¥, :‘é‘a‘ §

°& Tailored Tests Paper and Pencil Tests
3§ Statistic  True
ﬁa 1PL 3PL 1PL 3PL
B : .
Mean -0.01 -0.08 -0.25 0.02 -0.09
R Median 0.00 -0.07 0.00 -0.10 0.03
oo S.D. 1.04 1.30 1.48 1.11 1.22
$H Skewness -0.01 0.32 -0.58 1.11 -0.24
2 : Kurtosis 0.14 0.86 1.52 4.27 4.04
Y Low Value -3.82 -3.61 -5.58 -2.47 -4.00
High Value 3.74 6.22 6.42 4.00 4.00
\j Mean Test
~) Length 17.90 13.51 40.00 40.00
. S.D. of Test
i& Length 4.05 5.77 0.00 0.00
N
o Note. For the LOGIST calibrations arbitrary minimums and
‘} maximums of -4.00 and 4.00, respectively, were set on the
;# ability estimates. The same limits were placed on the
aﬁ tailored tests except in those cases where all items were

answered correctly or all were answered incorrectly.

~ Table 7
N Intercorrelation Matrix for True and Estimated Abilities
35 for the Simulation Data
1‘.&
. Ability Tailored Tests Paper and Pencil Tests
S True 1
§-‘ Estimate 1PL 3PL 1PL 3PL )
2
L7 True 1.00 0.88 0.82 0.90 0.89
= Tailored 1PL 1.00 0.81 0.93 0.92
;x 3PL 1.00 0.83 0.85
el P&P 1PL 1.00 0.93
) 3PL 1.00
)
1
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Average Test Length The averace test length of the 3PL
tailored tests for the simulation data was 13.5 items. The
average 1PL tailored test was 17.9 items long. Both of
these averages were greater for the simulation data than for
the real data as was predicted from the results of the test
information curve analyses. The average 3PL test increased
by 1.3 while the average 1PL test increased by 5.1. The
increased length of the 1PL tests for the simulation data

ﬁ: could at least partially explain why the 1PL tailored test
.{ estimates had higher correlations with the true abilities
N and the paper and pencil test estimates than the 3PL

tailored test estimates did. Despite the longer average
length of the 1PL tailored test, it should be pointed out

P RSN PPN

§' that the 3PL procedure required half again as much CPU time
33 as the 1PL procedure.
ke

: Nonconvergence The 1PL procedure had a .3% nonconvergence

rate, while the 3PL procedure had a 5.9% nonconvergence

. rate. For the 1PL procedure all of the nonconvergence cases
> (three of them) were at the positive end of the ability

. scale. For the 3PL procedure S90% of the nonconvergence
cases were at the low end of the ability scale. As was the
case with the real data, examinees for whom there was
nonconvergence were assigned an ability estimate of 4.0 or

-4.0.

) . .

vfh Discussion
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@

:: In recent years a number of studies reported in the

b0 literature have addressed the issue of whether the 1PL model
or the 3PL model should be used in various tailored testing

'5u applications. In a tailored achievement testing

At application, the application of interest here, the research

f:j has tended to favor the 3PL model. Because of the

X inconclusiveness of these studies for applications involving

< small item pools, and because the 3PL model tends to be more
expensive to use, this study was conducted to determine, for
a specific application, whether there is sufficient

y advantage to using the 3PL model to warrant the extra

N expense. The results of this study will now be discussed,

o and afterwards some conclusions regarding which model should

D) be used for this application will be presented. First,

however, a discussion of the specific application which is
of interest in this study will be presented.

The Application

The specific application of interest here has several
characteristics which require special consideration. The
type of application of concern is an achievement testing
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’ application. Achievement testing must be considered in a

- s different light than ability testing because it is learning
T rather than ability that is being measured. While ability

tests generally have learning components, they are
constructed to measure a single trait, and as such are

N usually reasonably unidimensional. Achievement tests, on
the other hand, are not specifically directed at a single
‘gg trait. Moreover, achievement tests often are designed to
. measure learning in a number of content areas. Therefore,
Tj achievement tests typically are not unidimensional, and are
::& often highly multidimensional. The multidimensionality of
i achievement tests causes problems for IRT, since most IRT
models assume unidimensionality.
WA
' One way to deal with the dimensionality problem when
! measuring achievement via IRT is treat the different content
Ay areas separately. Individual content areas typically are
Y 4 not unidimensional, but they at least afford a closer
approximation to unidimensionalty than do multi-content area
;; tests. Treating content areas separately presents a new
$¢ problem for tailored testing. A single content area of a
o test may not include very many items. Tailored testing
‘*2 procedures work best when the item pool has a relatively
- large number of items, with difficulties spread uniformly
over the ability range (Urry, 1977). Building an item pool
- to meet those specifications, but using only items from a
:a} single contant area might be difficult, and certainly would
:z be time-consuming. It seems likely, then, that at least in
" the early stages of a tailored achievement testing program
3 that treats content areas separately the item pools will be
small.
3' There are at least two other ways to deal with the
! multidimensionality of achievement tests in a tailored
:’ testing application, but at this point neither way is
2% practicable. One way would be to sort the test items into
unidimensional subsets, and treat these subsets separately.
o However, thus far there are no satisfactory procedures for
“e sorting items into unidimensional subsets when the items are
.2 dichotomously scored, which achievement test items typically
i- are (Reckase, 1981). Even if sorting could be done, the
<5 problem of insufficient items in the pool would still be
p present.
~; The other way of dealing with the multidimensionality
e problem is by using a multidimensional model.
" Unfortunately, no one has yet developed tailored testing *
J procedures for a multidimensional model. Therefore, this
= study took the approach of using a unidimensional model with l
- individual content areas. The content area used was the {
l.:
;
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math subtest of the ACT Assessment Program. Using these
items, a pool of 40 items was constructed. Using this 40
item pool, a comparison of the 1PL and 3PL models was
conducted. The results of that comparison will now be
discussed, beginning with the real data part of the study.

Real Data Analyses

Item Pool Calibration Probably the most significant
result from the item calibrations was the finding that the
3PL item parameter estimates yielded a test information
curve that was negatively skewed and centered around a point
on the positive end of the ability scale, while the 1PL item
parameter estimates yielded a test information curve that
was symmetric and centered around zero. From these results
it would be expected that the 3PL tailored tests would tend
to terminate prior to convergence for examinees with ability
on the lower end of the scale. Such a tendency would not be
expected for the 1PL tailored tests.

Ability Estimates The most important finding from the
analyses performed on the ability estimates obtained for the
real data was that the 1PL model performed as well as the
3PL model without requiring any additional items. The
correlation between the 1PL and 3PL tailored testing ability
estimates was fairly high (0.772), and the 1PL tailored test
estimates were just as highly correlated with the paper and
pencil test estimates as were the 3PL tailored test
estimates. From these data it appears that there is no
advantage to be gained from using the more complex (and
expensive) 3PL model.

Average Test Length For the real data tailored test
simulations, the average test length for the 1PL and 3PL
tests were about the same. This is as it should be, since
the information cutoff values for the two procedures were
selected to produce tests of equal length.

Nonconvergence There were no cases of nonconvergence for
the 1PL tailored test procedure. For the 3PL procedure
there was a 4.9% nonconvergence rate. Of those cases where
there was nonconvergence, 96% involved examinees at the low
end of the ability range. This is consistent with the
finding that the 3PL test information curve for the item
pool was negatively skewed. Clearly nonconvergence is more
of a problem in this case for the 3PL procedure than for the
1PL procedure.

. ommals 2 k4 e
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’ Simulation Data Analvses
X
Ej Item Pool Calibration What turned out to be one of the
¥ most important results of the itemr calibrations was that for
‘\f the 1PL calibration LOGIST assigned to the items a common a-
3 value which was higher than that assigned to the items using
the real data. This resulted in higher test information for
S the 1PL model across the ability range. As a result of
3 this, the information cutoff for the 1PL procedure was
oy inappropriately low, which resulted in the tests being
f& longer than expected. The test information curve for the
> 3PL model was also somewhat higher than for the real data,
except at the extremes. This would also be expected to
4 increase the average test length of the 3PL tests, but not
:ﬁ as much as for the 1PL tests. The 3PL curve was negatively
A skewed, as was the case with the real data, which should
5i have once again resulted in some nonconvergence cases at the
N low end of the ability scale.
#_ Average Test Length As was expected, the average test
33 length increased for both procedures. The 3PL average test
Al l2ngth increased by a little over one item, while the
:3 average test length for the 1PL procedure increased by about
o five items. There is no reason to assume that the quality
of the 1PL ability estimates would have dramatically
e, decreased had the 1PL tests been shortened by several items,
:z although it would probably have been lower.
'
;? Nonconvergence For the simulation data the 3PL
o nonconvergence rate increased to 5.9%, while the 1PL
procedure had a .3% nonconvergence rate. Once again,
30 nonconvergence is clearly a more serious problem for the 3PL
‘o procedure than for the 1PL procedure. As was the case for
j the real data, the bulk of the nonconvergence cases for the
:A 3PL procedure (90%) were at the low end of ability. This is
%) consistent with the results of the test information curve
: analyses for the simulation data item pools. F
sz Summary and Conclusions
e
3 A study was conducted to compare the 1PL and 3PL models
- in tailored achievement testing application. Both real and
® simulation data were employed. For the real data, the 1PL
procedure was found to yield ability estimates that
o correlated with paper and pencil test estimates as highly as
e did the 3PL tailored test ability estimates. The 1PL tests
:v were of about the same average length as were the 3PL tests.
_: For the simulation data, an inappropriately low information
b cutoff was used for the 1PL procedure, and as a result of
. the 1PL tests were on the average four to five items longer
e
n
o
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than the 3PL tests. The 1PL ability estimates were found to
be significantly more highly correlated with paper and
pencil test estimates than were the 3PL estimates. It was
uriclear what the results would have been had the 1PL tests
been terminated earlier.

The 1PL model is a more appealing model than the 3PL
model, since it is simpler to work with, requires smaller
sample sizes, and is overall much less expensive to use than
the 3PL model. The results of this study indicate that for
this type of high quality, small item pool, there is no
justification for the added expense and complexity of the

3PL model. For this application, the 1PL model was found to
be the model of choice.
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H. William Gremnun
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Eduzation Center, MINTN
Mmantico, VA 22114
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Army
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U. S. Aray Rosearch Institute for the
B haviorail .and Sn~fil Sciencrs

S EfsonYrrdr Avenus

Alexandeia, VA 22113

1 Mr. James Baker
Army R s»arch Institure
9))1 Ftsenhaar Av-enye
Alexandria, VA 27111

I Dr, Kent Eaitng
Arny Resoarch [astitute
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1 Dr. Batrices 1, Farre
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! Dr. Myron Flschl
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Sn~fal anil 83.Mavinral Scticenrecs
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1 Dr. Milzon S. Ktz
Teiinina Tecanfeal Aren
1.5, Army Resogrch Institute
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Alexandriy, VA 22337

1 Dr. Harold F. O°'Nntl, Jr.
Director, Triining Rescareh Lab
Army Researeh Ingtitnte
57)1 Flasnhru>r Avenu?
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1 Cannander, U.S. Army Regoarch Institute
for th: Brhaviaral & Sacf{al Scirneces
ATTN: PEQ!-BR (Dr. Judith Nrasinu)
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Alexandria, YA 20311

1 Josceph Psntka,
ATTN: PERI-IC
Army Roseareh Instlitute
5NON1 Efasnhiwsr Ave.
Alexandeta, vA 22110
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Al swandria, VA 22130

Dr. Hilda Wina
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ACOSR/NL
Balline AFS, N2 29312

Dr. Genesvieve Haddad
Program *lanag:.r

Life Scicenceqg Directorate
AFNSR
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I Dr. Susan Chipaan
Laarning ni Davelopnent
Nitloawl [nstitur: of Education
120 19¢h Stresc N4
Washingtnan, D7 20203

1 Dr, Vorn W, Urry
P.:rsonn:l RSD “enter
0ffice of Porsanncl YMinagem-nt
190) £ Streqt NV
Jashington, D7 27415

1 Mr. Thomis A, Warm
U. S. €hr19t Gaard Institute
P. N. Substition 18
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1 De. Jnseph L. Youne, Director
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Nitional Scien-s Foundatinn
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Privat> S-ctor

Dr. Jaqes Algine
Univeorsity nf Flort4a
Gafnnqrille, FL 12A

Dr. Erling R. Ad- rgnn
D-narement nf Stattstics
Studiestriedis §

1455 Taps nthag:ea

NDEN'{ARYK

1 Psychalogical Resogreh tInft
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Dr. g Brjar
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Princoton, N1 03450

Nr. M anurhy Rireah o
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Dr. R. Darrell Rogeyk
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Universlity nf Calcaan
Chf~amn, 1L 4157

Nr. Roh:srt Arennin

American Cnlleqs Testine Progrims
P. 0. Rox 14AH
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Unlvreralty of Teansggen
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Dr. John B. Carrnll
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D-pt. of Pav-hloary
Untv. of So. Cil{farntl.a
University Park

Lrs Angeles, CA 9
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1 Dr. Hans Croubag
Educatina Research %Sant.er
Uni{versity of Lrvden
By rharavelaan 2
2334 EN Leyirna
n: NETHERLANDS

1 Dr. Datepradad Dived
Syracrase Unlversity
NDepirta~nt of Pasychaloury
Syrirug:, NS 13210

| Dr. Fritz Draeagoys
ND:partmenr of Psvchalogy
Unfverglity of (lltnais
A)Y E. NDinirl St.
Chanapaiaqn, IL 61329

1 Dr. Sasin Emb: 'rtson
PSY HOL)IGY DEPARTHRENT
UNIVERSITY OF XKA'ISAS
Lawrenee, XS HHI4S

I ERIC Factlity-Acquisicionsg
4333 Ruuhy Avenue
Rechegdr, MD 20014

1 Dr. B:njanin A, Falrbink, Jr,
Y+Finn~-Gray $ Assocf{ites, Ine,
949729 Zallaghan
Safte 225
San Antonfo, TX 79228

1 Dr. Lronird FelAdt
Lindqutst Conter for Msisurm:at
Univergity of Toan
fowy Ctey, 1A 52242

1 Dr. Richird L. Farguson
Thes An~rican Colleges Testing Program
P.N. Rax 16H
fowir Clty, 1A 52240

{ Unilv. Prof. Dr. Gorhard Fischar
Liabigagasgar 5/)
A 1010 Vienan
AUSTRIA

! Professor Danald Flezeerald
Uaiversity nf N+ w Englani
Acmidale, N2w South Wailes 235!
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Nr. D:xter Floccher
WICAT R~saarch Institute
1879 S. Statn St.

drem, UT 22M11)

Dr. Jinins Gifford
Hafvrrstity of *fassachusetes
Schonl nf FdAu~ation
Anhersr, ‘1A 91092

Nr. Rob:rt Glas~r

Leairnint Rogoearch § Dovelapasnr Coentor
University of Pitrsbhurgh

1039 9 'Warag Straot

PITTSRURGH, PA 195760

Nr. Bert Greon

Tohne Hopking tinfversity
Department of Psycholody
Charlies & Vith Stronag
Baleimnre, 1D 21218

Dr. Ran Himbhinton

Sehnol of Fdu~atton
Untversity of Misqeachne rtes
Antherast, 1A N1N192

Dr. Drlwyn Harnisch
Infvergity of Illinols
242% Squration

ffrbana, TL H1K)Y

Dr. Pl Horae
677 G Streat, #138%
Chula Vista, CA 90010

Dr. Llovy! Humphreys
Dapartm»nt of Psy~halogy
University of Illlinots
617 East Dinfel Stroct
Chanpaign, L 61829

NDr. Jack Hinrter
2122 Cnolidan St.
Lansinz, MU 48974

Dr. Hayah 'luynh

Tolleae of Education
Unitversity of Sauth Ciroliann
Colunbia, S7 29278
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Private Srctor

Dr. Douzlas H. Jones

Advanced Statisticyl Tachaolozies
Corporation

110 Trifalgar Court

Lawrenceville, N1 08148

Prafossaor John A, Xoats
NDeparim nt of Psychaloay
Th tinlversity of Now-astis»
N.S. W, 28

\MSTRALIA

Dr. Will{n ¥Knch

tinfvorgiey of Trxas-Agstin
Mragur~aat and Fviluition Zonter
Aastin, TX 79701

Nr. Alan Lesgold
L2araing RAD Sonter
Unfversity of Pltrahrah
1933 2'NHary Sereog
Piteabarsh, PA 15209

Dr. Michiel Lovine

Department of Edurational Paychnlaoay
210 s4u~atton BRlia.

Unitversity of Tllinols

Champatagn, 1L A1

Or. Charles Lowls

Facultelt Sociale Witenschapprn
Rijksuntivergiteit Groning'n
e Botering-estraat 213

971267 Groningen

N-etharlanis

Nr. Robort Linn
Cnllege of Educatfon
Unfversicty of Tllinnis
Jrhana, 1L 61801

Mr. Phillip Livingston

Systems nt Apnl{rd Scienc~s Corparatio
6311 X nilwnrth Avenur

Rivecdale, MD 20940

Dr. Rohert Lnckman
Canter far Naval Analysis
2i)) Norzh Briuregard St.
Alexindreia, VA 221711

Private Sactor

Dr. Fredoric M. Lord
Eduzational Trsting S-~rvice
Princatoa, NI 08541

Dr. Jam~s Lamsden

D-epartmont of Psychnloy
University »f Wistern Andtralina
Nadlands WA, AON9

AUSTRALTA

Nr. Gary Marcn

Stnp 11-F

FAu~ationil Testine Sorvi-ne
Princeoton, NI 1451

Dr. Scotr 'fixw: il
D:prrtmnt nf Pgychnloty
Uafversity of Natre Daime
Natre Dame, IN 406554

Dr. S el T. Mavn

Lrynls UUniversity of Caleravo
3200 Narth Michigan Aveng:
Chicagn, 1L AN51)

Mr. Rob:rt McKinley

Anerican “nlleagns Testing Programs
P.0O. Rox 16%

lowy Cley, TA 52243

Nr. Barhara Mrans

Hunan Re:seuccrs Reqsnarch Nrgaintzation
177 Narth Washington

Alrxandreia, VA 22114

Dr. Rob~rt Misleovy
711 1ti{nnis Strenrt
Genova, L AN Y4

Nr. Allen Munro

Behavioral Techanlozy Labaratories
184S Elena Ave., Fourth Floor
Redandn BReaach, CA 90277

NDr. W. Alan Nicrwinder
Urniversity of D%lahnmn
NDpairtment nf Paychnlony
¢hahinmy Nlty, OX 710549

Dr. M~lvin R, Novick

356 Lindquist C:nter for Msasuracat
University nf fowa

lowy Clty, 1A 57242
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1 Dr. Jimrs Olson
WICAT, Inc.
1875 South State Streot
Orem, Ul 84187

1 Wayne M. Patience
Anerican founcil on Edu~ition
GED Testing Serviece, Safte 29
N4~ Dapant Cirle, NJ
wWwashinttoan, 7 2035

I Dr. Jwm:g A, Paulson
Portlanl State University
P.0, BRoax 751
Portland, OR 97217

I Or. Mairk D. R-ckas:
AT
P. N, Bax INHKY
[nowa Cliry, 1A 922%)

1 Dr. Thonag Royanlds
University of Toxaa="3llag
Yark~ting D partmone
P. 0. Bax k8%

Richiardsan, TX 757%)

1 De. Lwreneos Radner
A7V Elm Avenu:
Takoma Pack, D 20112

1 Or. J. Ryan
Department of Fduzation
University of South Cirnlin
Columbia, SC 29218

PROF. FUMIK) SAME]IMA
DEPr. OF PSYCHOILNGY
UNTVERSITY NF TENNESSEE
KNOXVILLE, TN 17916

Frank L. Szhaide

Depirzm'nt of Pay~halnay
%14g. GO

Grorg wWishineton University
Waishintton, DT 201952

1 Dr. Walter Schaetdnar
Psychology D:pirtm-nt
613 E. Danfcl
Chanpitegn, IL 61821

Private Soctor

1 Lowell Scho-r

1

Psyrhnaloglical & Quantitattve

Foundattons

Collezn of Educattion
Unlvergsity of lowt

lowy Clty, 1A 52242

DR. RIIERT J. SEINEL
INSTRUSTIONAL TESHNOLOSY GRONP
HI4RRD

I ML WASHINGTON ST,
ALEXANDREA, VA 22314

NDr. K1zud Shig mign

University af Tohakn

Depactm~nt of Educitionsl Psychnlnay
Kawatchi, Sendt 949

JAPAY

Dr. Fiwln Shirk .y

Department af Pay-halnay
Unlversity of Contral Florida
Ylando, FL 12814

Dr, Willt1m Simaq

Conter for Yaival Analyalg
2)) North Retdurogird Strost
Alexandrta, VA 2231

Dr. B, Wallaee Sinaikn
Program Directar

Manpywrr Research il Advisary Services

Smithsantian Institurinn
BDJ North Piet Stroor
Alexandria, VA 22014

Dr. Rob:rt Sternh- rg
Dept. of Psycholony
Yale Unfversticy

Box 1A, Yile Stattion
New Hiven, €T 05920

Dr. Prter S-oloff

Conter for Naval Analyasts
277 North %auregard Stre-t
Alexaniria, VA 22311

Dr., Willias Stout
Untversity of 1llinais

Drpirtm art of Mithamatics
Uebana, (L 618N
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Private Sector Private Sector

1 Dr. Hirtharan Swisinathan 1 Dr. 3rilan Witrrs
Laboratory of Psychametric ani HumRRN
Evaluition Res2arch 330 Narth Wigshingron
S~haonl of Educattion Alexaniria, VA 22314
Untversity of Massachus:tts
Anhersc, MA 0100 I Dr. David 1. Wriss

NHAD Ellintt Hall

1 Dr. Kik<uni Tatsunk Unfverslty of “Minnesot

Compater Based Fducartion Ris~arch Lab 15 E. River Road
292 Facinanring Research Labaratary {nnecapatis, MY 554995
Urbina, LL ALBIL '

1 Dr. Raint R, YWilrox
Univeratty af Soaarthern Talifo-ni
Nepairgmant of Psy-halory
Los Angoleq, 7\ 2/

I Dr. Maarice Tatgunka
229 Edy-ation f8lde
1310 S. Sixth S,
Chiywpign, 1L A1R20

1 Walfaane Witdaruh»

1 Dr. David Thigsrn Streltkrasfreant 1
D pictment of Psy~hnlozy Boax 200 59 )
Univeralzty of KXainaag N-5¥)) Raan 2 F
Lawrenes . KS h67%4% WEST AERIANY

1 Dr. Robart Tsutakiwy 1 Dre. Bruce WL s
D partm~nt of Statigtics Departmont of Flacatinaal Pay-haloay
Untversity of Migsourt University of tilinnis
Colunbia, M9 A520) Urbaina, 1L ALR)I

I Pr. J. Unlan~r 1 Dr. Wealy Yen )
Uhl iner Consuletants CTA/M~CGraw #1111

4258 Boawvita Drive D+l *tinte Regoareh Park
Encinn, CA 914134 Manterey, CA 91940

Pr. V. R. R. Uppulurt
Unton Tarbide Corpoaratlion
Nuzlear Divistion

P. 0. Box Y

Nik Ridge, TN 17810
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